For an important engineering application background, a new resistance model for predicting power law fluid flowing through granular porous medium with homogeneous spherical particles was developed in this study. By considering the influence of wall effect, every parameter in the modified Ergun type equation hadits clear physical meaning. The analysis results showed that the influence of wall effect on the inertia item pressure loss was closely related to the Reynolds number and D/d. The correlations of critical Reynolds number, the modified permeability, the inertia coefficient and dimensionless equivalent viscosity ratio for power law fluid were derived and described in detail.
where A and B are empirical constants, ΔP is the pressure drop, Pa, L is the bed length, m, u is the flow velocity, m/s, ρ is the fluid density, kg/m3,  is the viscosity of fluid, Pa/s, dp is the particle diameter, m, ε is the average porosity.
However, limited information is available concerning the wall effects on the pressure drop of non-Newtonian fluids for the finite beds accounting for both the wall friction and porosity effects in the published literatures. As pointed out by Eisfeld and Schnitzlein [7] , the finite wall effect will both increase the wetted surface area and the local porosity near the wall. These combined effects may increase or decrease the pressure loss, which depending on the fluid velocity. It was not clear if such behavior can be attributed only to Newtonian fluids or non-Newtonian fluids follow a similar trend. The current study will shed some light on this issue.
PHYSICAL AND MATHEMATICAL MODEL
By introducing the average hydraulic radius [8] , the tortuosity [9] , the wall friction correction factor [10] , and the wall void correction factor [11] , the viscous pressure drop and the inertia pressure drop can be easily expressed as follows:.
The dimensionless friction factor p f and Reynolds number p Re for power-law fluids in modified Ergun equation can be defined as:
RESULTS AND DISCUSSION

Determination of Critical Reynolds Number
According to Du Plessis and Woudberg [12] , the critical Reynolds number is defined the turning point of the Darcy and non-Darcy flow regions. Figure 1 is the relationship curve of the critical Reynolds number with the power-law index n and D/d. It is shown that the critical Reynolds number increases with the increase of power law index, The reason is that with the increase of the power law index, the viscous resistance increases rapidly, while the inertia resistance is not affected, so the Reynolds number corresponding to the flow transition increased. With the increase of D/d, the critical Reynolds number decreases, the flow space tends to homogenization, and the influence of wall effects on the pressure drop is becoming smaller, which makes the critical Reynolds number tend to be stable in the fluid flow in porous media. The critical Reynolds number is sensitive to the change when D/d is small, it can be explained that the wall void is larger when the D/d is smaller, which increases the flow space, and the flow resistance gradually decreases. In fact, the viscous resistance and inertia resistance are both reduced, but the inertial resistance decreases faster, which makes the critical Reynolds number increase.
Determination of permeability
Based on the Darcy-Forchheimer flow model [2] , the modified momentum equation is as follow:
is the permeability of porous medium for power law fluid,
is the inertial coefficient of porous media. So the modified inertia coefficient and permeability can be obtained:
Without wall restriction,
, the form of the inertial coefficient is very close to the formulas obtained by Tang ·and Lu [4] , Wu and Yu [13] .
Dimensionless permeability is defined as follows: In order to characterize the relative size of the equivalent viscosity coefficient, the dimensionless equivalent viscosity ratio is defined  ： 1 2 Figure 2 is a modified permeability curve of shear thinning fluids with particle diameter and porosity. It is shown that the modified permeability of power law fluids increases with the increase of particle diameter and porosity of porous media. The reason can be that with the increase of particle size, the void channels between particles become larger, which makes the fluid easier to pass through. Similarly, with the increase of porosity, the transport capacity of fluid will gradually increase. Figure 2 . Curves of modified permeability with particle diameter and porosity (n=0.5).
As shown in Figure 3 , the dimensionless permeability decreases gradually with the increase of D/d within a small range of D/d, and towards a certain value as D/d is large. At the same time, with the decrease of the power law index (n<0.75), the dimensionless permeability is obviously increased, which showing that the shear thinning fluid has a stronger circulation ability compared with water, and indirectly validates that the HPAM solution with a certain concentration range is beneficial to improve the three production rate.
As shown in Figure 4 , the change of inertia coefficient is sensitive within a small range of D/d (D/d<10), and the void effect makes the inertia resistance smaller. With the increase of D/d, the dimensionless inertial coefficient increases gradually, and finally tends to a certain value, which shows that the influence of the wall effects on the inertia coefficient can be ignored. At the same time, it also can be seen that the results are in good agreement with the literature without considering wall restriction. Figure 5 shows the relationship between dimensionless equivalent viscosity ratio with power law index and porosity. It can be seen that the equivalent viscosity ratio is far less than 1, and increases with the increase of porosity and power law index. It shows that in order to maintain the fluid flow capacity with large voids, it is necessary to reduce the fluid viscosity, and vice versa. It is proved that the shear thinning fluid has better circulation ability in porous media than water.
CONCLUSIONS
For the rheological properties of power-law fluid, by employing the average hydraulic radius theory and considering the influence of wall effect on the pressure drop, this study developed a new resistance model for predicting power law fluid flow through granular porous medium with homogeneous spherical particles. And a modified Ergun type equation was expressed as a function of tortuosity, porosity, ratio of pore hydraulic diameter to throat diameter, diameter of particles, wall correction factor and fluid rheological index. Every parameter in the proposed model had clear physical meaning. The influence of wall effect on the inertia item pressure loss was closely related to the Reynolds number and D/d.
